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Overview
Agriculture is the mainstay of Tanzania’s economy. About 80% of the total population relies directly on agriculture as the 
primary food and income source. The sector contributed 33% of the GDP in 2016, and provides employment to 65.5% 
of Tanzanians. A wide range of ecological conditions makes it possible to cultivate various types of crops across the 29 
regions of the country. Nonetheless, maize and legumes are among the main staple food crops for many communities, 
and these crops are cultivated mainly by small-holder farmers. Despite the huge effort made by the farmers in production, 
postharvest loss is still their overwhelming challenge. Studies conducted by the Africa RISING program in 2014 revealed 
that 25 - 40% of maize harvested each year does not reach the final consumer. Such losses are not only counter-productive 
but strain efforts to lift farmers out of poverty and improve their welfare. 
This manual is intended to help extensionists and farmer advisors to deliver accurate knowledge on the management of 
harvested grain, so as to reduce postharvest losses, and improve quality and safety. It is expected that through use of this 
manual, farmers will be better able to take important decisions on choice and application of improved technologies to 
reduce postharvest food losses, and therefore improve food security at household and national level, earn employment 
and incomes, protect the environment and increase productivity without the need to employ extra production resources.
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Scope
The content of this manual is intended for extensionists and farmer advisors who link directly with smallholder farmers, 
and the target is to address knowledge and technology-use gaps. The first part presents a general description of the maize 
post-harvest system. It identifies the various unit operations involved, and gives an overview of the losses in the system. 
The second part describes the main loss causing biological agents (insects, rodents, and fungi) and points out the general 
measures that may be applied to mitigate losses caused by them. The third part is a presentation of some improved 
postharvest technologies validated by the Africa-RISING (Research in Sustainable Intensification for the next Generation) 
program, and their potential benefits when applied by farmers. 
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Part 1
The maize post-harvest system 
Post-harvest refers to time farm produce leaves the field, after maturity, to the time of culinary preparation for consumption. Usually 
harvesting operation is considered part of the post-harvest period because the decisions taken at harvesting have impact on 
successive operations. Post-harvest system encompasses the delivery of the produce from the time and place of harvest to the time 
and place of consumption. The term "system" denotes a dynamic set of logically interconnected functions laid out in succession 
(Box 1).
Main elements of the post-harvest system
Pre-harvest drying
Extended pre-harvest field drying ensures good preservation but also increases the risk of loss due to attack by birds, rodents, 
insects and molds. However, harvesting before maturity entails the risk of loss through molds and rotting.
Harvesting
The time of harvesting is determined by the degree of maturity. Farmers may recognize the ideal harvest stage for maize when 
the cob husks turn brown and the cobs hang down, or when the kernels are hard, glassy, and resistant to scratching with the 
thumbnail. A distinction should be made between maturity of stalks, ears/seedpods and seeds. The stage of harvesting affects 
successive operations, such as preliminary processing, storage and secondary processing.
Transport
Care is needed in transporting the harvested produce o prevents detached grain from falling on the road before reaching the 
storage or threshing place. Collection and initial transport of the harvest thus depend on the place and conditions where it is to be 
stored, especially with a view to threshing.
Drying
The length of time needed for full drying of ears and grains depends on weather, atmospheric conditions and drying structures. 
If grain is not dry enough, it becomes vulnerable to mold and can rot during storage. If grain is too dry it becomes brittle and 
will crack during threshing. Broken grain is more susceptible to attack by insects and molds. In addition, too dry grain means 
unnecessary weight loss, hence a loss of money at the time of sale. You only address structures for lengthy drying. In structures 
for lengthy drying such as cribs, or even unroofed threshing floors, the harvest is exposed to predations by birds, rodents or small 
ruminants. The droppings left behind by these pests result in quality losses. In structures for quick drying, more energy, labor and 
attention will be required to ensure effective drying is achieved. 
 
Threshing
If the harvest is threshed before it is dry enough, this operation will most probably be incomplete, and more energy will be 
required. An appropriate threshing method should not inflict grain damage.
Storage
Facilities, hygiene, and monitoring must all be adequate for effective, long-term storage. In closed structures e.g. granaries, 
warehouses and air-tight containers, the control of cleanliness, temperature and humidity is particularly important. Apart from 
attacking the stored grain, pests such as insects, rodents and termites can damage storage structures. 
Processing
Excessive hulling can result in losses. The de-huller and grain parameters such as seed coat, size, shape and hardness and density 
influence -hulling efficiency and therefore the amount of losses. 
Marketing
This is the last element in the post-harvest system, although it can occur at various points in the chain. The step also involves 





PRELIMINARY PROCESSING & HANDLING: drying, threshing, separation, winnowing
STORING: on-farm storage, off-farm storage
PRIMARY PROCESSING: cleaning, grading, de-hulling, milling, packaging
SECONDARY PROCESSING: mixing, cooking, fermentation, roasting, extrusion
PRODUCT EVALUATION: quality control: standard recipes
PACKAGING: weighing, labelling, sealing
MARKETING: market storage, publicity, selling, distribution
USE: recipes elaboration: traditional dishes, new dishes
CONSUMER PREFERENCES: product evaluation, consumer education
Box 1. Functions of a maize post-harvest system 
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Overview of the losses incurred in the post-harvest system
Food losses are a measurable reduction in quantity or quality of a foodstuff. They arise from the fact that freshly harvested 
agricultural produce is a living thing that breathes and undergoes changes during post-harvest handling. For dried products such 
as cereals and legumes, which are relatively stable, the losses arise as a result of damage by biological or non-biological agents 
that physically take away part of available food or cause damage, deterioration or contamination to the extent that the remaining 
product is inferior or unfit for consumption. 
Types of post-harvest losses
Quantity and quality losses
Quantitative loss is measurable loss in physical quantity, such as weight and volume. This kind of loss is easy to assess. Qualitative 
loss is concerned with attributes of safety, nutritional content and economic value. 
Weight loss
While weight loss is easy to measure, it does not necessarily mean food loss, since it can result simply from a reduction in moisture 
content. Moisture loss during drying is therefore not a food loss. But excessive drying beyond the minimum level for safe storage 
could contribute to economic loss because of the loss of sellable weight. On the other hand, an abnormal increase in weight 
through moisture absorption following rainfall or wetting on stocks left in the open or in leaking or damp stores can cause serious 
damage resulting quantity and quality loss. Weight loss can be caused by leakage, during transport for example, if sacks have holes 
or are insecurely attached. It also arises from infestation by insects, rodents and birds or poor packaging. Weight loss from pests 
is not immediately apparent and may deceive an inexperienced purchaser. It can be checked by taking an equivalent amount of 
clean, healthy cereal, milling the two samples and weighing the flour from each. The poorer sample will produce less flour.
Quality loss
Quality criteria cover a wide range of characteristics and are concerned with physical features such as shape and size, sensory 
features such as odor and taste, chemical features such as nutritional values and safety elements, and other attributes such 
as processing quality The cultural factors or preferences that can influence diets and food habits must also be borne in mind. 
Cleanliness and healthy condition of a product are obvious concerns for the market. For example, if a trader takes a handful of grain 
from a sack, he can quickly see if it releases dust and work out if this is the result of insect infestation. Similarly, a bad smell can 
arouse suspicions that rodents have been at the grain, verifiable by the presence of rat or mouse droppings and hair. Many other 
objects can be mixed in with a foodstuff and reduce its value: bad grain, scraps of straw or other plant residue, soil, pebbles, bits of 
glass, excreta of pests, pesticides etc. The presence of foreign bodies, which can distort the weight of a batch being sold, also affects 
the quality and thus the market value of a product. 
Damage
Damage is a clear deterioration in the product, e.g. broken or pitted grain, which affects more of the quality, and can in the long-
term result in a definite loss. Both damage and loss should be quantified in terms of weight and cost.
Direct and indirect losses
Direct losses occur when the disappearance of a foodstuff is caused by leakage, for example, pilferage or theft, spillage from bags or 
feeding of pests (insects, rodents, birds), whereas indirect losses occur when a reduction in quality leads to the consumer’s refusal 
to purchase.
Commercial loss
Commercial loss or economic loss is the translation of the various types of loss listed above into economic and monetary terms. 
Although the price of a foodstuff is usually based on weight, many other factors play a role. This applies especially to the qualitative 




Figure 1. Post-harvest crop loss in a maize-based farming system in Tanzania. The magnitudes of losses for different commodities 
through the various post-harvest stages is are shown. The causes of these losses are highlighted. Source: Abass et al., 2014.
Magnitude of postharvest loss in a maize-based farming system in Tanzania 
An assessment of post-harvest handling practices and food losses was carried out Central and Northern Tanzania in 2012. 
Quantitative post-harvest losses of economic importance occur in the field (15%); during processing (13-20%), and during storage 
(15-25%). Most processing activities (winnowing, dehulling, drying, sorting and shelling) were carried out manually, almost 
entirely by women. Most of the farmers considered changes in weather (40%), field damage (33%), and storage pests (16%) as 
the three most important factors aggravating food losses. However, survey results suggest that the farmers’ poor knowledge and 
skills on post-harvest management are responsible for the food losses. A detailed picture of the magnitudes of losses for different 
commodities through the various post-harvest stages is presented in Figure 1.
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Part 2
Biological causes of post-harvest losses
This section presents the main loss causing biological agents (insects, rodents and fungi), and points out the general measures 
that can be applied to mitigate the losses caused by them. Stored grain provides food for insects, rodents and fungi. Good storage 
management practices should target excluding these pests. The longer the grain is stored, the greater the need to maintain good 
store management practices. When proper storage is not achieved, populations of insects, rodents and fungi increase rapidly. The 
end result is loss of food and a reduction in the quality, as well as economic value because the grain is no longer fit for human 
consumption, processing or trade. To be able to minimize these losses a good understanding of the loss agents and the nature of 
damage they cause, is important.
Insects
There are many insects that attack maize. A number of these are major pests in East Africa, and can be placed in two categories;
a) Primary pests 
These attack the whole undamaged grain. Their larvae feed from inside the grain causing damage: They include the Maize 
weevil, the larger grain borer (Scania), the lesser grain borer, the Angoumois grain moths, and the Indian meal moth. 
b) Secondary pests 
These attack grain which has already been damaged by the primary pests. They include the Saw-toothed grain beetle and 
the Red flour beetle.
Pest Description
Maize weevil This insect is a beetle that is red-brown to black in color. It measures 3 -5 mm long, and 
is usually marked on the back with four light reddish or yellowish spots. It is one of the 
main pests of stored maize. The head ends in a snout (proboscis). Females deposit a 
single egg in each grain after making a tiny hole on it; they then cover it with a gelatin 
like substance. The egg develops in to larva, pupa, and then adult inside the grain. 
Infestation is not easily noticed from the outside until the adult emerges. It is mainly 
the larvae that feed from inside the grain that cause loses but the adult also feeds. Mass 
infestation makes the grain warm and moist, which leads to growth of fungi. The life 
cycle takes about 28-35 days. A single female can lay 150 eggs. The adult maize weevil 





Adults are black or brown and cylindrical in shape, and the head faces down. The pest 
infests maize, but also infests dried root crops including cassava and sweet potato. It 
will bore into, but does not feed on, cowpea, cocoa, coffee, and rice. Signs of infestation 
include extensive tunneling on grains. Adults burrow extensively leaving tunnels, readily 
visible holes, and huge amounts of flour. Larval feeding and burrowing contribute 
further to adult damage. The pest is very tolerant of hot conditions and dry grain. It can 
establish where maize is stored on the cob and infestation can occur prior to harvest. 
Females lay eggs singly or in batches in or near the grain. Newly hatched larvae bore 
into grains or feed on damaged grain and flour produced by adult feeding. Larvae can 




A 2-3 mm long beetle, which is red-brown in color. It has a slim cylindrical body. It has 
a hood-shaped neck shield which conceals the head. The female lays 300 -500 eggs 
loosely on the grain. The eggs hatch into larvae that enter the kernels or develop from 
onside by feeding externally on the flour-like dust that accumulates from feeding of 
the adults and other larvae. Generally, larvae and adults bore into grains eating out the 
entire starchy interior. Large quantities of floury dust are produced. The life cycle lasts 3-6 
weeks. It is able to fly. 
Angoumois 
grain moth:  
This moth is 6-9 mm long. The wings span 13 -19 mm. It infests the surface layer of bulk-
stored grain, as adults are not able to penetrate deeply. Females lay eggs on the grain, 
which then hatch into larvae or caterpillars. The larvae bore into the grain and feed from 
inside leaving a thin layer of the outer coat of the grain intact. Larvae spin silken cocoons 
and pupate within the kernels. The adult emerges from the grain by pushing the thin 
layer leaving a small trap door covering the exit hole on the kernel. This moth commonly 
attacks maize stored with the husks or foreign matter. The attack may begin in the field. 
Infestation causes a reduction in weigh and quality. Badly infested grain has a sickening 
smell and taste that makes it unpalatable.
Indian meal 
moth
This moth is 8-10 mm long, with wings that span 14-20 mm. The female lays eggs 
individually or in clusters. The eggs hatch into yellowish, greenish or pinkish larvae. 
The grown larvae or caterpillars spin a web and leave behind silken threads wherever 
they crawl. The webbing is often sufficiently abundant to attract attention, thus loosely 
clinging webbing on the grain is characteristic of this pest. The fully-grown larvae 
migrate to pupate in cracks and crevices in a silken cocoon. The live cycle is completed 
in 3-4 weeks. Direct damage to grain is the result of larvae feeding on the seed germ. 
In grain to be sold, meal moth feeding reduces the dry weight. At the same time, grain 
weight may actually increase because of water absorption; with an increase in water 
content mold can become a problem. The biggest reduction in value is the result of 
contamination by larvae that leave droppings and silken webs in the grain. Storage 
hygiene is key to the control of this pest.
Saw-toothed 
grain beetle
A slim beetle which is 2.5 -3.5 mm long and dark brown in color. This insect is usually 
found as a secondary pest together with other insects but occasionally may be found 
alone as a primary pest. The female lays eggs singly or in small masses in a crevice in 
damaged grain. In flour, eggs are laid freely. The eggs hatch into larvae that are freely 
mobile – they crawl freely about the grain to feed on broken kernels. Larger larvae 
may tunnel into kernels to feed. The fully developed larvae then construct cocoon-like 
structures by joining food particles in which they pupate. Life cycle takes 3-10 weeks 
depending on temperature and humidity.
Flour beetle  A slim beetle 3-4 mm long; red-brown to dark brown in color. This insect attacks 
milled products or grain that is already damaged by the primary pests e.g. maize 
weevil and larger grain borer, or milled products. It is a frequent pest in flour 
mills. Both adults and larvae feed only on the grain dust and broken kernels and 
do not attack the undamaged kernels. Females lay up to 500 eggs loosely in 
the foodstuff. They hatch in to larvae which pupate loosely in the food material. 
The life cycle is 20 days under favorable conditions. The beetles rarely fly. They 
cause damage by feeding but probably cause more problems by contaminating 
the grain. Badly infested flour has a sharp, unpleasant smell and taste, and turns 
brown. The nauseous smell and taste caused by infestations flour beetles can 
result in poor feed consumption by livestock and rejection by grain buyers. 
In most cases, the presence of live insects in a grain lot indicate that moisture 
buildup has taken place, and fungi are also present. 
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   Measures for controlling insect infestation
Measure Description
Carry out proper and 
timely and harvesting. 
Harvest at the correct stage of maturity; do not allow the maize to stand for long in the field 
after maturity. Farmers may recognize the ideal harvest stage for maize when the cob husks turn 
brown and the cobs hang down, or when the kernels are hard, glassy, and resistant to scratching 
with the thumbnail.
Ensure proper drying 
before storage.
Dry maize to 13% moisture content or below.  
Insects thrive best at 25-32°C and 70% relative humidity
The build-up of heat and humid conditions is minimized when maize is dried to 13% moisture or 
below.
Use clean storage 
containers, disinfest 
the store, and maintain 
storage hygiene.
Do not store new and old grain together. 
Clean the store thoroughly before introducing new produce.
Remove and destroy old bags; 
Clean and disinfest storage containers and equipment;
Clean store and disinfest store surfaces by spraying with Actellic (50 EC) according to 
manufacturer’s instructions;
Examine reusable bags and where necessary treat with insecticide or dip in boiling water to kill 
any live insects and eggs.
 
The larger grain borer can be differentiated from the lesser grain borer by the shape of the abdomen 
and the elytra. The posterior end of the abdomen of the lesser grain borer is fairly curved whereas 
that of the larger grain borer is square with distinct corners. Also, when viewed from the side, the 
elytra declivity i.e. where the elytra slopes towards the tip, is rounded for lesser grain borer while it is 
steep and almost flat for larger grain borer. Other but less reliable indicators are adult size and color. 
The lesser grain borer is lighter and 2-3 mm in length whereas the larger grain borer is darker and 3-4 
mm long.
Box 2. How to distinguish the larger grain borer from the lesser grain borer
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Prevent infestation 
during the storage. 
Store produce as shelled grain because it is less susceptible to insect attack and is easy to 
manage in storage.
Before grain is stored, it should be winnowed and sieved to remove foreign matter, all fine 
materials and broken kernels.
Ensure that the store has a damp-proof floor, water-proof walls, and an intact roof 
Store in air-tight containers. 
Inspect the store 
produce regularly
All storage should be checked, preferably every 2 weeks. For this, random samples should be taken and 
tested. If there are more than 4 insects per kilogram of grain, some action should be taken.
Rodents
Rats and mice attack maize and cause losses in a number of ways (See Figure 2).
 ● They feed on the stored produce: Rats eat about 25 g of food per day, mice eat approximately 3-4 g per day.  
 ● They contaminate the produce with urine, feces, hairs and pathogens. The contaminated batches are unfit for human 
consumption. 
 ● They damage storage materials and equipment e.g. tarpaulins, bags, and to the store itself. 
 ● They transmit diseases to human beings e.g. typhoid, paratyphoid, and scabies.
Figure 2. Postharvest losses caused by rodents. The roof rat, the house mouse and the common African rat are the main rodent 
species associated with postharvest losses in East Africa. The roof rat and the house mouse inhabit houses and storage structures, 
whereas the common African rat is found in the field but invades storage places at the end of the harvest season when there is no 
more food in the field.
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Box 3. Measures for controlling rodent infestation 
The following actions will minimize damage by rodents:
 ● Granaries should be raised and fitted with rat guards. 
 ● Ensure that doors, ventilation openings, and the junctions between the roof and the walls of granaries are 
well sealed. 
 ● Keep the store clean. Remove any spilt grain that may attracts rodents. 
 ● Store bags in tidy stacks set up on pallets, ensuring that there is a space round the stack.  
 ● Store any empty or old bags on pallets, and if possible, in separate stores.
 ● Keep store free of rubbish because it provides hiding and nesting places for rodents.
 ● Clear area surrounding the store of tall weeds, rubbish and stagnant water.  
 ● Use appropriate rodent control methods such as mechanical traps or biological methods (cat). Non-chemical 
methods are encouraged for safety of humans and domestic animals.
Fungi
Fungi cause loss of weight, nutritive value, milling quality and deterioration in flavor and color of maize. They also produce toxins 
such as aflatoxin that harm humans, poultry, and livestock, and even cause death. The contaminated produce cannot be consumed 
by humans and has no market value. The extent of fungal contamination is influenced by grain moisture, temperature, condition of 
the grain such as physical damage, length of storage and insect activity during storage. 
Storage fungi grow on maize stored when the storage moisture is above 14%. The maize becomes infected with these fungi in the 
field, and contamination continues in the post-harvest stage if the produce is not handled or stored properly. A variety of molds 
such as those of the genus Aspergillus, and Penicillium are associated with storage, but the predominant fungi will depend on the 
humidity and temperature prevailing in the store. Certain types of fungi within these groups are able to produce toxins. The main 
fungus with the potential to cause problems in stored maize in East Africa is Aspergillus flavus. Under appropriate conditions (14% 
moisture content and above, and temperature about 28 – 30°C (See Figure 3), this fungus can produce Aflatoxin. Oxygen /carbon 
dioxide levels, physical integrity of the grain, initial level of infection, presence of other competing fungi, and pest activity during 
storage will influence the levels of aflatoxin contamination. 
Figure 3. Temperature and moisture content levels for growth of different types of fungi.  Different types of fungi thrive best 
at different temperature and moisture levels. Region A:  Aspergillus species; Region B - Penicillium species, Region C - Fusarium 
species (advanced decay); Region D: thermophilic fungi, which thrive at very high temperatures, such as those in compost and 
silage pits. Source:  HGCA grain storage guide for cereals and oils seed, Third edition (2011). http://www.hgca.com/grainstorage. 
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Box 4. Measures for controlling fungal damage
The following actions will minimize damage by fungi:
 ● Harvest at the right stage of maturity, and thresh without delaying too long. 
 ● Dry to safe moisture content (14% or less) on tarpaulins, not directly on the soil. 
 ● Clean maize before storage to remove foreign matter, broken kernels, dust and other debris.
 ● Clean storage structures thoroughly to remove dirt, dust, chaff, grain debris etc.
 ● Protect grain from insect damage.  Insect activity will cause temperature and moisture content of the grain to 
rise, creating favorable conditions for fungi to grow.
 ● Check stored grain and aerate the store regularly. 
 ● Avoid damp conditions: store on raised platforms, away from living places of animal and ensure that the roof 
of storage structure does not leak.
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Part 3
Improved technologies for reduction of post-harvest losses 
Allowing food losses to continue unabated is wasteful as production resources namely: arable land, seeds, fertilizer, water, and 
labor, are used to produce food that no one consumes. Such losses reduce farm-level productivity and returns to investment. They 
tempt farmers to expand into new ecosystems in order to produce more hence putting pressure on scarce natural resources. Thus, 
reducing postharvest loss would improve productivity and incomes of farming households, alleviate poverty and food insecurity in 
communities, and conserve the natural resource base.
In Tanzania, drying, processing and storage were identified as the main stages where losses of harvested maize occur during 
the postharvest period. This chapter outlines some technologies validated within the Africa RISING program namely; improved 
grain drying, mechanized threshing, and air-tight storage, and gives evidence of potential impact when and famers adopt such 
technologies. 
Drying 
Proper drying is the most important factor that determines whether harvested grain will effectively store without spoilage. Many 
smallholder farmers rely on direct sun-drying. The challenges of sun-drying are the slow drying rate, disruption by weather 
and contaminations, which culminate in quantity losses from spillage, and attack by birds and rodents. Quality losses from 
contamination with soil, fungi, and pesticide residues may also occur. In Zambia and Zimbabwe, physical losses during drying of 
maize were reported be 35-45 kg/ ton. 
Collapsible envelopes for quick and safe sun-drying of grain
Maize needs to be dried to a moisture content of 13% and under clean conditions in order to overcome the challenge of 
contaminations. If grain moisture is higher than 13%, the water activity will be above 0.65, and this can support growth of fungi 
that produce toxins such as aflatoxin. The GrainPro Collapsible Dryer Case™ (CDC) is designed to help farmers achieve quick and 
protected sun-drying of their produce (See Figure 4). The heavy duty, UV resistant, black reinforced polyvinyl chloride sheet is 
optimized to maximize absorption of solar energy. In use, the farmer is able to cover the produce without having to remove it from 
wherever it is placed, in case of unexpected rains or when grains are to be dried further, the next day.
	




Figure 5. Quality of maize dried on bare ground and on collapsible drier case in Babati district.
Benefits 
The use of Grainpro™ collapsible dryer case improves the process of drying by achieving higher temperature and therefore quicker 
drying. Grain quality and drying losses are significantly reduced (see Figure 5). There is complete elimination of discolored grain, 
while the amounts of impurities, visibly moldy grains, and insect damaged grains are reduced by 30%, 42% and 44%, respectively. 
Overall, the amount of damaged grain is diminished by 41%, and the amount of non-consumable damaged grain is reduced by 
63% from 67.3kg/ton to 24.7kg/ton. Thus, considering drying losses reported elsewhere in ESA region, households would be able 
to save about 32 kg per ton of grain produced, which is equivalent to equivalent to 15,000 TZS. This can reduce the need to occupy 
land for maize cultivation by 0.03 ha for every ton of grain a household needs for food, income and related uses. How to get started
How to get started
Farmers or producer organizations wishing to apply the technology should purchase genuine Grainpro® dryers from appointed 
local distributors or agro dealers.  Grainpro™ collapsible dryer cases come with user guide. There are no alternative producers of this 
technology in the market at the moment.
Opportunities for application
 
Farmers can significantly reduce losses and improve quality of their produce for the market. The improvement in quality has impact 
on market access and product price in the market. For instance, grain lots with total damaged or defective grain higher than 8.5 
kg/100 kg do not meet quality requirement for trade within the East African region as per the East African maize standards (ICS 
67.060 | EAS 2:2013). Grain lots with damage levels of 0-3.2 kg/100 kg, 3.3-7.0 kg/100 kg, and 7-8.5 kg/100 kg are classified as Grade 
1, Grade 2, and Grade 3, respectively, which have significant price differentials.
Mechanized processing
Mechanized threshing is a valuable tool in the reduction of post-harvest loss in grains and cereals because it can allow quicker 
removal of a crop from the field, reducing losses from shattering or disease and reducing exposure to birds, rodents and adverse 
weather. Moreover, traditional shelling methods do not support large-scale shelling of maize, especially for commercial purposes. 
On many smallholder farms, mechanical threshers can replace manual threshing by hand beating. If well designed and use, 
mechanical shelling can reduce losses from grain spillage, grain breakage, and incomplete separation of the grain from the chaff. 
Manual threshing is also a very labor and time intensive process. This is also because of the additional operations of separation 
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of the cobs and winnowing that are also done manually. Manual shelling and winnowing losses average 6% in Tanzania. The 
introduction of low-cost, threshing systems in smallholder agriculture can significantly reduce post-harvest losses, reduce drudgery, 
reduce labor costs, multiply work rate, and improve productivity.
Description of the technology 
There are several types of low-cost mechanised shellers including petrol engine-powered, tractor powered, and electric powered 
shellers, all designed to offer alternative to manual means of removing maize grains from the cobs. Following a review of shelling 
efficiency, grain output, and capacity of farmers, the 4 hp diesel engine sheller was identified as a preferred machine among 
the majority of smallholder farmers (See Figure 6). The diesel engine-powered maize sheller comprises 3 main parts: diesel 
engine, concave -shaped chamber where the shelling takes place, and a hopper. The shelling chamber houses a shelling drum 
on which a narrow beating ridge is mounted, a coarse screen, and collecting pan. In operation, the diesel engine powers a shaft 
that rotates the shelling drum. Dehusked maize cobs are placed in the hopper; these slide on to the rotating drum, and shelling 
is accomplished by gentle abrasion on the cobs as the drum rotates. The rotating drum also pushes the cobs out of the shelling 
chamber. As this happens, the grains fall past a screen on to the collecting surface and are conveyed out. A fan installed to the 
side provides winnowing action by blowing off loose chaff and dust from the kernels. Thus, the technology completes shelling, 
separating and cleaning work, all at once. The thresher can be operated by one person, and is movable from one point of use to 
another. 
	
Figure 6. Important parts of a diesel-powered maize shelling machine. Photo credit: Christopher Mutungi/IITA.
Benefits
Drudgery reduction and increased labor efficiency: The technology saves time and labor. The 4.0 horsepower diesel engine shells at 
least 690 kilograms in one hour on 0.3 liters of diesel (680 TZS), compared to 68.5 kilograms by one person doing manual shelling. 
Thus, work rate is ten times faster. This is significant because, based on Tanzania’s minimum wage of 500 TZS/ hour, it reduces the 
cost of labor by 77% and increases labor efficiency by 88%. A farmer who opts to use the sheller will benefit from almost a whole 
day’s wage by freeing time to undertake other income-generating activities. 
Grain quality improvement and reduction of losses: Mechanical shelling achieves superior grain quality (see Figure 7). The 
amount of broken grain and impurities is reduced by 81% and 38%, respectively, translating to about 55% gain in quality. With a 
shelling efficiency of 98%, the amount of food that would otherwise be lost because of the inefficient manual shelling, cleaning 
and winnowing is reduced from 68 kg per ton to less than 20 kg per ton. Households thus have 48 kg more grain per every ton 
produced, which is equivalent to the amount of food needed for 1.5 months if all the salvaged grain is used for household food. 
On the other hand, households could reduce land occupation by 0.041 ha (4.9%) for every ton of grain needed. The use and cost of 
other inputs (fertilizer, seed, water and labor) is equally reduced because of the reduction in losses.
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Figure 7. Comparison of the quality of maize grain shelled using manual method and mechanical sheller.
What do farmers say about the technology?
A willingness-to-pay study conducted in Babati and Kongwa districts revealed that 80% of farmers will potentially adopt the 
technology if it is available for rental services. About 62% of farmers will take up the technology but would pull resources together 
in producer groups, while 30% of farmers will purchase as individuals (See Figure 8). This lower willingness-to-pay under group- 
and private-purchase models as compared to the rental-services model is linked to price. The machine costs 1.4 million TZS, which 
is relatively low-cost. The rental-services model is, however, least expensive and therefore associated with the highest percentage 
of potential adopters. Men and women farmers are likely to adopt the technology equally under rental service or even group 
purchase. Nonetheless, more women will benefit as grain threshing, cleaning and winnowing are post-harvest operations that 
are undertaken more by women than men in Tanzania. The high percentage of farmers willing to adopt the technology under 
rental services model presents an opportunity for those who purchase as individuals or as groups to generate income by providing 
services. 
	Figure 8. Willingness to purchase privately is higher among men than women.
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Figure 9.  Farmers learn how to use diesel-powered maize sheller in Kitunduweta village, Kilosa district. 
Photo credit: Christopher Mutungi/IITA.
	How to get started
 ● Husk and dry the maize to ensure that grains are 
loosened on the cobs for ease of shelling with 
minimum energy input.
 ● Sort to separate damaged and moldy maize-on-cobs
 ● Clean machine and check for obstacles in the hopper 
and shelling chamber
 ● Fill the fuel tank with sufficient amount of diesel, add 
enough water in the coolant tank, and ensure enough 
engine lubricating oil is sufficient. 
 ● Move the machine to a flat ground where a clean 
tarpaulin has been spread out. 
 ● Fasten a collecting bag to the chaff-exit end to trap 
chaff and dust. 
 ● Start the engine, adjust the speed, and then feed 
the cobs through the hopper into the concave 
compartment. 
 ● Collect shelled grain and the cobs at separate exit 
points (see Figure 8). 
 ● Turn off the machine when all cobs have been shelled, 
clean, and move it to safe storage away from any 
source of fire.
Figure 10. Women farmers use a diesel motorized 
sheller in Kongwa District, Tanzania. Photo credit: 
Christopher Mutungi/IITA.
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Opportunities for application of the technology
Regional integration has expanded grain trade to regional markets where quality standards do apply e.g. in East Africa, the East 
African Grain Standards specify the tolerable limits for key quality parameters. This requirement presents a case that should drive 
farmers to adopt the technology that not only helps them to handle large quantities of grain within a short time, but also improves 
quality for the market. Mechanization of post-harvest operations also identifies well with employment and income needs of the 
youth and rural farmers. It opens business opportunity to individual farmers or organized producers who could purchase the 
machine to provide services to other farmers at village level. Local artisans who mainly comprise the youth can earn incomes by 
supplying spare parts and offering repair services for mechanical failures at a fee.
Air-tight storage
Storage is important to smallholder farmers; they store part of their produce to guarantee food supply between harvests, and also 
to sell when prices improve to earn more. Proper storage is still a challenge for many smallholder farmers. Insect pests (see part 2 of 
this manual) cause grain damage and food loss mainly because the farmers’ storage facilities and common storage protectants are 
unable to stop insect proliferation. Each year, farmers in Tanzania lose 150 - 250 kg /ton of harvested maize during storage.
What is air-tight storage?
This is chemical-free storage, which relies on the creation of a modified atmosphere around the grains inside an air-tight container 
to stop survival of insect pests. It is also called hermetic storage. The grain is packed in the containers that do not allow air to leak in 
or out. Once the containers are closed, the oxygen level decreases while carbon dioxide increases   as a result of respiration of the 
grains, insects, fungi and other living forms within the container (See Figure 11). When the oxygen level becomes sufficiently low, 
the insects stop feeding, become inactive, and eventually die. Different kinds of hermetic storage containers are available for use 
by farmers. There are metal, and plastic silos of varying sizes welded carefully to maintain air-tight seal. Also available are hermetic 
bags of different brands (See Figure 12).
	
Figure 11. Air-tight storage - the oxygen level decreases while carbon dioxide increases.   
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Figure 12.  Different kinds of hermetic storage containers available for use by small holder farmers in Tanzania.
The hermetic bags have been found to be more attractive to smallholder farmers than the metal and plastic silos in Tanzania. Well-
known hermetic bags use a single or double layer of air-tight plastic sheets placed inside an ordinary woven sack. The outer woven 
sack facilitates handling (See Figure 13).
Figure 13. Hermetic bags with single (left) and double (right) layers of air-tight polyethylene liners placed inside an outer sack. 
The outer sack is only to enable ease of handling.
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Benefits of air-tight storage
The build-up of insect pests and insect damage to stored grain is halted and grain damage is highly reduced (see Figure 14). In 
maize for instance, grain damage and losses are reduced by more than 85%. On average, this saves an equivalent of 148 kg of grain 
per household, which equivalent to 81, 000 TZS or enough food to feed an average household of 5 people for about 4-5 months 
based on an annual per capita maize consumption of 73 kg. This amount of food could just be what is needed to bridge the low 
food supply season between successive harvests. In fact, households who save this amount of food could then need about 7% less 
land to meet their grain production needs, and this has impact on use of natural resources, fertiliser, seed and the environment in 
general.
	
Figure 14. Population of live adult maize weevils and grain damage in polypropylene bag and hermetic PICS™ bags over 
8-month storage period in farmers’ stores in Babati District.
In Kiteto district of northern Tanzania, storing maize in air-tight bags increased the availability of grain among net-buyer 
households by 38% enabling them to reduce their annual grain deficit period by about 17% which is a significant positive impact 
on household food availability. The technology is profitable to farmers except the low producers, who are likely to deplete their 
harvest within a few months (See Table 1). The use of chemical protectants for maize storage would no longer be needed, and so 
consumers can benefit from access to chemical-free food. Other benefits of the technology are that households are able to earn 
higher incomes by 43% from the sale of good quality grain at premium price, while farmers who adopt business models to store 
and sell at the lean season could earn returns equivalent to 34% of the value of investment. Precautions in the use of hermetic 
storage should, however, emphasize proper drying and verification of grain moisture. Also critical is sensitization on rodent control 
when hermetic bags are used because rats and mice are able to puncture the bags making them ineffective. Rodent baits, rodent 
traps, cat for biological control, good storage hygiene, and installation of rat guards on granaries are some of the measures that 
could be applied especially in rodent prone zones.
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Internal Rate of 
Return (%)
Low producers 335 -1650 0.5 -10
Lower middle producers 741 12,073 2.8 114
Medium producers 1168 41,582 5.1 228
Upper middle producers 2024 71,808 5.1 228
Top producers 4782 178,810 5.7 254
Average 1826 67,087 5.4 243
What do farmers say about the technology?
An adoption study conducted in Kiteto, Kongwa and Babati districts in 2017 revealed that 59.5% of farmers (59% men; 41% 
women) were aware of air-tight storage bags from knowledge gained through Africa RISING or Africa RISINIG-NAFAKA partner 
projects (34.7%), other farmers (51.2%), and other sources (14.1%). Of these farmers, 21.4% (54.9% men, 45.1% women) had used 
the bags for at least one season. Over two fifths (57.1% men; 42.9% women) of users purchased the technology from retail shops at 
an average price of 4227 TZS (4000 - 5500 TZS) using money from own savings. The average number of bags purchased per farmer 
was 12 (range: 1 – 70). Women purchased more bags (average 15) than men (average 9 bags), and, generally, the ownership by 
women was higher (52.3%) compared to men (47.7%). This is probably because women are more worried about constant food 
supply for the household than men. Nonetheless, men accessed the bags at a slightly lower price (4192 TZS) than women (4278 
TZS) possibly because of a higher negotiating power and flexibility (in terms of time and energy) to travel longer distances where 
they could purchase at a lower price. Women are more willing to accept trader offer than men, which implies need to train women 
on negotiating skills. As can be seen in Figure 15, farmers were willing to pay 3891 TZS per bag so long as it is usable for two 
seasons; they will pay about half that price i.e. 1709 TZS if usable for one season which is almost double the average price of woven 
polypropylene bags (916 TZS). This indicates that farmers already understand the benefits of chemical-free storage.
	
Figure 15. Amount of money (TZS) that farmers are willing to pay for a single 100kg hermetic bag compared 
to the price paid for ordinary woven polypropylene bag.
Table 1. How different farmer categories benefit financially from the use of hermetic PICS™ bag technology in Tanzania.
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How to get started
 ● Choice from the manufacturer’s appointed agro-dealer. Different types of hermetic storage devices come with user 
guidelines. 
 ● Dry the grain to the moisture content recommended for safe-storage (maize 13%; rice 12%; sorghum 12%; common 
beans 14%; cowpeas 13%; pigeon peas 13%; green grams 12%; soybeans 11%; groundnut pods 7%; groundnut kernels 
5%).
 ● Sieve the grain to remove chaff, dirt and other debris. 
 ● Test the air-tight storage device to see if there is air leakage before filling the grain. Do not buy or use if leakage or 
workmanship-defect is noticed. 
 ● Fill in the grain into the bag according to manufacturer’s instructions and close as recommended or in a way that will 
ensure an airtight-seal is achieved.
 ● Store on raised platform, in a clean storage space, away from direct sunlight, and ensure control of rodents.
	
Figure 16.  A farmer who has adopted hermetic bag storage in Mbozi districts, Tanzania. Photo credit: Christopher 
Mutungi/IITA.
Opportunities for application of the technology 
Different types of hermetic containers are profitable depending on quantities produced by a farmer. Hermetic storage bags 
are profitable for maize farmers who have at least 500 kg for storage, this targeting of this category of farmers is necessary for 
successful adoption. Hermetic storage technology benefits consumers and industry who prefer chemical free products e.g. organic 
food value chains. There is an opportunity for expanding the use of hermetic storage containers to present high quality, high value 
products e.g. nuts, beans, and peas to niche markets (See Figure 17). The technology is particularly attractive because it is flexible 
and scalable; farmers can make their choice depending on their financial resources, amount of produce to be stored, available 
storage space, and handling needs, e.g., loading and unloading or transportation to the market.
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Figure 17. Benefits of using hermetic technology for storage of grains. Photo credit: Christopher Mutungi/IITA.
 ● Reduced food losses
 ● Better market quality
 ● Higher market prices
 ● Higher nutritional value
 ● No chemical residues
 ● Safe food
 ● No insecticide costs
 ● Longer storage duration
Unprotected storage Hermetic storage
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